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ABSTRACT 
ERTS-1 data, ob ta ined  during t h e  per iod  25 August 
1972 t o  5 September 1973 over a range of t es t  si tes 
i n  t h e  Cent ra l  United S t a t e s ,  have been used f o r  
i d e n t i f y i n g  and mapping d i f f e rences  i n  so i l  p a t t e r n s ,  
spec ie s  and condi t ions  of c u l t i v a t e d  c rops ,  and 
condi t ions  of  rangelands.  Mul t i spec t r a l  scanner d a t a  
from mul t ip l e  ERTS passes  over  c e r t a i n  t es t  si tes 
i n  t h e  scene. 
have provided t h e  oppor tuni ty  t o  s tudy temporal changes -lP 
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G e o m e t r i c  co r r ec t ion  was performed on t h e  d i g i t a l  
d a t a  f o r  several d a t e s  and f o r  s e v e r a l  tes t  s i tes .  
This  made much e a s i e r  t h e  t a s k  of l o c a t i n g  s p e c i f i c  
d a t a  par ing  the a n a l y t i c a l  r e s u l t s  
wi th  t a  sources.  
s s i f  i c a t i o n s  d e l i n e a t i n g  s o i l s  
bounaaries  i n  a i r r e r e n t  tes t  sites compared w e l l  wi th  
e x i s t i n g  so i l  a s s o c i a t i o n  m a p s  prepared by convent ional  
m e a n s .  
0 S p e c t r a l  a n a l y s i s  of ERTS da ta  was used t o  i d e n t i f y ,  map, and make areal measurements of wheat i n  western 
Kansas. 
Mul t i spec t r a l  a n a l y s i s  of ERTS-1 d a t a  provided 
p a t t e r n s  i n  rangelands which can be r e l a t e d  t o  soi ls  
d i f f e r e n c e s ,  range management p r a c t i c e s ,  and t h e  e x t e n t  
of i n f e s t a t i o n  of grass lands  by mesquite (Prosopis  f u l i f l o r a ’  
and j u n i p e r  (Juniperus  spp. 1 
INTRODUCTION 
Resu l t s  of t h e  a n a l y s i s  and i n t e r p r e t a t i o n  of ERTS-1 mult i -  
s p e c t r a l  d a t a  obta ined  over several Great P l a ins  t e s t  s i tes  on 
mul t ip l e  d a t e s  are presented i n  t h i s  paper.  These tes t  si tes 
w e r e  selected because they p r e s e n t  a v a r i e t y  of problems 
a s s o c i a t e d  wi th  the  development and management of land resources  
i n  t h e  G r e a t  P l a ins .  
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The purpose of t h e  s t u d i e s  r epor t ed  here  i s  t o  examine t h e  
u t i l i t y  of ERTS-1 d a t a  and machine process ing  techniques i n  
(1) i d e n t i f y i n g  win te r  wheat and measuring i t s  areal e x t e n t ,  
( 2 )  d e l i n e a t i n g  s o i l  a s s o c i a t i o n  boundaries ,  (3)  c h a r a c t e r i z i n g  
and mapping rangeland cond i t ions ,  and ( 4 )  inventory ing  land use 
i n  a semiar id  reg ion .  
I d e n t i f i c a t i o n  and Areal Measurement of Winter Wheat 
Hard red w i n t e r  wheat (Tr i t icum vu1 are) i s  t h e  p r i n c i p a l  
c r o p  i n  Greeley County, Kansas. This  area i n  western Kansas i s  
t y p i c a l  of  much of t h e  win te r  wheat b e l t  of t h e  United States. 
ERTS-1 d i g i t a l  d a t a  obta ined  on 1 9  June 1973 w e r e  analyzed t o  
sepa ra t e  wheat from o t h e r  cover types  and t o  measure t h e  a r e a  
i n  wheat. 
A
O n  1 4  May 1973 color and c o l o r  i n f r a r e d  photography w a s  
obtained by a NASA a i r c r a f t  a t  an a l t i t u d e  of 9500 m along a 
north-south f l i g h t l i n e  centered  over  Greeley County. By photo- 
i n t e r p r e t a t i o n  of t h e  color i n f r a r e d  photography t h r e e  cover 
types were i d e n t i f i e d :  wheat, fa l low (bare  s o i l )  and permanent 
pas ture .  Tra in ing  sets r ep resen t ing  each of t h e s e  t h r e e  cover  
.* 
-'*a types w e r e  selected. 
Using a c l u s t e r i n g  a lgor i thm t h e  ERTS-1 d a t a  f o r  t h e  area 
along t h e  a i r c r a f t  f l i g h t l i n e  w e r e  s epa ra t ed  i n t o  e i g h t  s p e c t r a l l y  
separable  classes i n  o rde r  t o  enhance t h e  f i e l d  boundaries .  I t  
w a s  then p o s s i b l e  t o  locate i n  t h e  ERTS data t h e  t r a i n i n g  f i e l d s  
s e l e c t e d  from t h e  a e r i a l  photography. A superv ised  a lgor i thm 
w a s  then used t o  c l a s s i f y  t h e  e n t i r e  county i n t o  t h r e e  c a t e g o r i e s :  
wheat, fa l low,  and p a s t u r e  (Figure 1). A se t  of tes t  f i e l d s  w a s  
s e l e c t e d  from t h e  a e r i a l  photography and used t o  e v a l u a t e  t h e  
c l a s s i f i c a t i o n  r e s u l t s .  La te r  t h e  computer c l a s s i f i c a t i o n  r e s u l t s  
of s e v e r a l  f i e l d s  w e r e  v e r i f i e d  by t h e  coopera t ive  a g r i c u l t u r a l  
extension agent  i n  Greeley County. 
The c l a s s i f i c a t i o n  accuracy i s  recorded i n  Table  1. 
Table 1. Resul t s  of Computer C l a s s i f i c a t i o n  of ERTS-1 MSS Data, 
Greeley County, Kansas, 1 9  June 1973. 
C l a s s  % Correct Recognition 
Pas tu re  9 6 . 1  
Wheat 97.0 
Fallow 97.9 
of Tested F ie lds*  
*From u n d e r f l i g h t  photography and l i m i t e d  ground obse rva t ions .  
From t h e  c l a s s i f i c a t i o n  r e s u l t s  t h e  area of wheat i n  Greeley 
County was then  c a l c u l a t e d ,  and t h e  r e s u l t s  were compared wi th  
estimates made by t h e  S t a t i s t i c a l  Report ing Se rv ice  ( U . S .  Department 
of Agr i cu l tu re ) .  These comparisons are presented  i n  Table 2 .  
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T a b l e  2. 1973 Wheat A r e a  Est imates  f o r  Greeley County, Kansas. 
Source of E s t i m a t e  Hectares 
SRS (USDA) 
ERTS 77,000 
73,000 + 5% - 
Del inea t ion  of S o i l  Assoc ia t ions  
One of t h e  important  uses  of ERTS imagery i s  i n  t h e  de l inea-  
t i o n  of s o i l  a s s o c i a t i o n s  or  groups which may have d i f f e r e n t  
phys i ca l  and chemical p r o p e r t i e s .  The S o i l  Conservation Serv ice  
( U . S .  Department of Agr i cu l tu re )  i s  v i t a l l y  concerned wi th  t h e  
c l a s s i f i c a t i o n  and mapping of s o i l s ,  w i th  t h e  use and management 
of so i l s ,  and wi th  t h e  monitor ing of changing land  uses .  D i g i t a l  
d a t a  from ERTS-1 have ~ !d t o  determine t h e i r  a p p l i c a t i o n  
i n  each of t h e s e  conce 
The s o i l  a s s o c i a t i o n  map (Figure 2 )  of Crosby County, Texas, 
shows t h e  nor thern  one-third of t h e  county t o  c o n s i s t  of deep 
c l a y s  and s i l t y  c l a y  loams. The s o i l s  i n  t h e  c e n t r a l  p a r t  of 
t h e  county w e s t  of Blanco Canyon are mixed l a n d s - - s i l t  loams 
and s i l t y  c l a y  loams. T o  t h e  south of t h i s  area t h e  s o i l s  grade 
i n t o  t h e  l i g h t e r  sandy loams. The s o i l  a s s o c i a t i o n  map shows 
i n  t h e  southwest p a r t  of t h e  county on t h e  High P l a i n s  an area 
of deep sandy so i l s .  The Caprock Escarpment s e p a r a t e s  t h e  so i l s  
of t h e  High P l a i n s  f r o m  t h e  so i l s  of t h e  Rol l ing  P la ins .  J u s t  
below t h e  r i m  of t h e  Escarpment i s  a band of s t e e p  shallow so i l s .  
As t h e  s l o p e s  f l a t t e n  o u t  below t h e  Escarpment sandy loams pre-  
dominate. However ,  t h e r e  are t w o  a reas  of deep sands i n  t h e  
s o u t h e a s t  p a r t  of t h e  county. 
A n  examination of an image (Figure 3 )  of Crosby County 
produced f r o m  bands 4 ,  5,  and 7 of t h e  9 October 1972 ERTS 
pass  r e v e a l s  r a t h e r  w e l l  t h e  g ross  s o i l  p a t t e r n s ,  i nc lud ing  
t h e  c l e a r l y  de f ined  Caprock Escarpment. Using a l l  fou r  bands 
of t h e  9 October 1972 ERTS MSS da ta  a nonsupervised or  c l u s t e r i n g  
a lgor i thm w a s  used t o  produce a c l a s s i f i c a t i o n  wi th  four teen  
s p e c t r a l  classes (Figure 4 ) .  Examination of t h e  p a t t e r n s  r e v e a l s  
subtle changes which correspond t o  t h e  changes i n  so i l s  from 
t h e  heavy c l a y  so i l s  i n  t h e  no r th  t o  t h e  sandy loams and sands 
i n  t h e  south  and southeas t .  
Fourteen s p e c t r a l  c l a s s e s  produced wi th  MSS d a t a  from the 
2 December 1972 ERTS pass  r evea l  s imilar  s o i l  changes f r o m  no r th  
t o  sou th  (Figure 5 ) .  I n  t h e  1 2  s p e c t r a l  classes produced from 
t h e  18 June 1973 ERTS MSS d a t a  t h e  s o i l s  p a t t e r n s  s e e m  t o  be less 
d i s t i n c t  (FTgure 6 )  . However, t h e  Caprock Escarpment and t h e  
deep sands are e a s i l y  de l inea ted .  
A closer view of the 0 Octnher a~c? 2 December s p e c t r a l  
c l a s s i f i c a t i o n s  of t h e  Blanco Canyon area east  of Crosbyton r e v e a l s  
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t h e  sha rp  break between t h e  High and Rol l ing  P l a i n s  (Figures  7 
and 8 ) .  There are also s u b t l e  s p e c t r a l  d i f f e r e n c e s  which r e l a t e  
t o  t h e  s t e e p  shallow s o i l s  and t h e  less s t e e p ,  r o l l i n g  sandy 
s o i l s  between t h e  Caprock Escarpment. I n  t h e  immediate f u t u r e  
da ta  from these  t h r e e  d a t e s  w i l l  be geometr ical ly  co r rec t ed  SO t h a t  
temporal over lay  a n a l y s i s  can be done. A t  t h a t  t i m e  a s o i l  
a s soc ia t ion  map w i l l  be produced with t h e  use of ERTS imagery 
as a base.  
Charac te r iz ing  and Mapping Rangeland Conditions 
To a very l a r g e  degree man i s  dependent upon t h e  rangelands 
i n  t h e  a r i d  and semiar id  reg ions  of t h e  world f o r  producing 
animal p ro te in .  The t a s k  of monitoring and managing t h e s e  
rangelands i s  g r e a t .  Mi l l ions  of hec ta re s  of rangeland i n  t h e  
Western United S t a t e s  are subject t o  overgrazing and mismanagement. 
Temporal d a t a  from ERTS can provide very u s e f u l  in format ion  and 
monitoring s e r v i c e s  f o r  p r i v a t e  o rgan iza t ions  and p u b l i c  agencies  
whose r e s p o n s i b i l i t y  it i s  t o  manage rangelands.  
A s p e c t r a l  c l a s s i f i c a t i o n  of an area around t h e  T B a r  Ranch 
i n  Lynn County, Texas w a s  produced from ERTS MSS d a t a  obta ined  
on 9 October 1972 (Figure 9 ) .  The purpose of t h e  c l a s s i f i c a t i o n  
was t o  d e l i n e a t e  s p e c t r a l l y  d i f f e r e n t  condi t ions  of rangelands.  
Although it i s  d i f f i c u l t  t o  quan t i fy  t h e  r e s u l t s ,  an examination 
of low a l t i t u d e  aer ia l  photography i n d i c a t e s  t h a t  a good sepa ra t ion  
has been obtained between t h r e e  condi t ions :  (1) range g r a s s e s ,  
( 2 )  a mixture of g ra s ses  and mesquite (Proso i s  f u l i f l o r a )  and 
( 3 )  heavy mesquite i n f e s t a t i o n  (F igure  
A n  area of rangeland i n  t h e  sou theas t e rn  p a r t  o f  Crosby 
County around t h e  White River  Reservoir  w a s  a l so  examined. 
Images produced from ERTS MSS bands 4 ,  5, and 7 and c l a s s i f i c a t i o n s  
using a l l  4 MSS bands w e r e  generated from t h e  18 June 1973 ERTS 
MSS data .  The image (F igure  11) i n d i c a t e s  where t h e  more dense 
green vege ta t ion  i s  loca ted  and d e l i n e a t e s  t h e  rangeland from 
t h e  c u l t i v a t e d  f ie lds .  The c l a s s i f i c a t i o n  (F igure  1 2 )  sugges ts  
where t h e  heavy vege ta t ion  and more uniform areas are. I t  a l s o  
i l l u s t r a t e s  t h e  mott led area w e s t  of t h e  White River  Reservoi r  
which seems t o  be related t o  d i f f e r e n c e s  i n  topography, s o i l  
p roduc t iv i ty ,  s o i l  depth,  and v e g e t a t i v e  cover.  
Land U s e  Inventory i n  Semiarid Region 
as never before  i n  t h e  t a s k s  of l and  management and a g r i c u l t u r a l  
production. Permanent vege ta t ion  on m i l l i o n s  of h e c t a r e s  of 
marginal land is  now being s a c r i f i c e d  t o  t h e  plow. Lands which 
are highly s u s c e p t i b l e  t o  wind and water e r o s i o n  are be ing  brought  
under c u l t i v a t i o n  t o  t ake  advantage of t h e  r eco rd  h igh  p r i c e s  
for a g r i c u l t u r a l  products .  Changing land  use p a t t e r n s  ca l l  for  
f a s t e r  and more accura te  methods of monitor ing l and  use change. 
been s t u d i e d .  The d a t e s  are 2 December 1972 and 18 June 1973. 
I n  t h e  coming decade t h e  United States may be cha l lenged  
MSS d a t a  f r o m  two ERTS passes  over  Lubbock County, Texas have 
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Images produced from ERTS MSS bands 4 ,  5 ,  and 7 f o r  t h e s e  t w o  
d a t e s  reveal some s t r i k i n g  d i f f e rences  (F igures  13 and 1 4 ) .  I n  
December t h e  urban and r u r a l  scenes are  e a s i l y  separa ted .  
However, t h e  s c a r c i t y  of green vegeta t ion  subdues t h e  s p e c t r a l  
d i f f e r e n c e s  between d i f f e r e n t  f ea tu re s  i n  both urban and r u r a l  
areas. I n  t h e  June image d i f f e r e n c e s  i n  green vege ta t ion  p r e s e n t  
more c o n t r a s t  and enhance t h e  s e p a r a b i l i t y  between parks ,  res iden-  
t i a l  areas, and commercial- industr ia l  zones i n  t h e  c i t y  of Lubbock. 
A computer-generated c l a s s i f i c a t i o n  of t h e  June d a t a  fo r  
Lubbock County (Figure 15) i l l u s t r a t e s  s p e c t r a l  classes r e l a t e d  
t o  r u r a l  l ands ,  urban r e s i d e n t i a l ,  commercial- industr ia l ,  and 
water. 
A closer look a t  t h e  c i t y  of Lubbock r e v e a l s  more c l e a r l y  
t h e  d i f f e r e n c e s  between t h e  t w o  d a t e s  (Figures  1 6  and 1 7 ) .  I n  t h e  
image f o r  June t h e  r e s i d e n t i a l  areas are e a s i l y  d e l i n e a t e d  f r o m  
t h e  commercial- industr ia l  areas a n d  t h e  major t r a n s p o r t a t i o n  
arteries. The c l a s s i f i c a t i o n  (Figure 1 8 )  i s  a map of t h e  c i t y  
i l l u s t r a t i n g  f ive  s p e c t r a l  c l a s ses - - r e s iden t i a l ,  commercial- 
i n d u s t r i a l ,  w a t e r ,  dense green areas (parks ,  g r a s s ) ,  and r u r a l  
(non-green f i e l d s ) .  
Many f e a t u r e s  i d e n t i f i e d  on a e r i a l  photography can be 
i d e n t i f i e d  i n  t h e  c l a s s i f i c a t i o n  of t h e  ERTS data. Two examples 
are t h e  Lubbock A i r p o r t  (Figure 1 9 )  and t h e  l a r g e  complex of 
c o t t o n  warehouses sou theas t  of Lubbock (F igure  20). 
The m o s t  r e c e n t  updat ing of the Lubbock Ci ty  map w a s  i n  
1971. A c a r e f u l  comparison of the' c l a s s i f i c a t i o n  of ERTS d a t a  
and t h e  c i t y  map r e v e a l s  many a r e a s  of land  use change on t h e  
o u t s k i r t s  of t h e  c i t y  s i n c e  1971 .  
Conclusions 
Resu l t s  r epor t ed  i n  t h i s  paper  s t rong ly  suppor t  t h e  need f o r  
an o p e r a t i o n a l  s a t e l l i t e  f o r  observing, mapping, and monitor ing 
e a r t h  resources .  
t h e  f e a s i b i l i t y  has  been e s t a b l i s h e d  f o r  u s ing  s a t e l l i t e - a c q u i r e d  
m u l t i s p e c t r a l  scanner  d a t a  and computer-implemented p a t t e r n  
r ecogn i t ion  techniques t o  i d e n t i f y  and measure a r e a  of c rops ,  t o  
assist i n  mapping so i l s ,  t o  c h a r a c t e r i z e  and monitor rangeland 
cond i t ions ,  and t o  prepare  and update land use inven to r i e s .  
I n  t h e  opinions of  t h e  au thors  of  t h i s  paper  
I 
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ATTACHMENT A 
T e s t  S i t e  
Greeley County, Kansas 
Crosby County, Texas 
Crosby County, Texas 
Crosby County, Texas 
Lubbock County, Texas 
Lubbock County, Texas 
Lynn County, Texas 
ERTS Data Analyzed 
ERTS-1 Scene I . D .  
13 3 1- 16 5 7 1 
1078-1652 4 
1132-16532 
1330-16531 
1132-16532 
1330-16531 
1330-16531 
D a t e  of P a s s  
19 June 1973 
9 O c t  1972 
2 D e c  1972 
18 June 1973 
2 D e c  1972 
18 June 1973 
18 June 1973 
Figure 1 .  Identification of wheat, fallow (bare soil), and permanent pasture in 
Greeley County, Kansas by computer analysis of multispectral scanner 
data from the 19 June 1973 ERTS pass. 
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Figure 3. Image of Crosby County, Texas produced by computer analysis of MSS data 
from 9 October 1972 ERTS pass. 
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Figure 4. Fourteen spectral classes (representing different ground cover types or 
conditions in Crosby County, Texas) produced by computer analysis 
of MSS data from the 9 October 1972 ERTS pass. 
Figure 5 .  Fourteen spectral classes produced by computer analysis of MSS 
data from the 2 December 1972 ERTS pass over Crosby County, 
Texas. 
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Figure 6.  Twc 
18 J 
:lve spectral class1 
lune 1973 ERTS 
:s produced by computer analysis of MSS data from the 
pass over Crosby County, Texas. 
Figure 7. Fourteen spectral classes of Blanco Canyon area east 
of Crosbyton, Texas; produced from 9 October 1972 
ERTS data. 
Figure 8. Fourteen spectral classes of Blanco Canyon area east of 
Crosbyton, Texas; produced from 2 December 1972 
ERTS data. 
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Figure 9. Four spectral clases of 
T Bar Ranch area in Lynn County, 
Texas, produced from 18 June 1973 
ERTS data; A = Double Lakes; B = 
heavy mesquite infestation; C = moder- 
ate mesquite infestation; D= little or 
mesquite infestation. 
Figure 10. Aerial photograph taken over 
T Bar Ranch on 5 July 1973; A = Double 
Lakes; B = heavy mesquite infestation; 
C = moderate mesquite infestation; D = little 
or no mesquite infestation. 
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Figure 11. Image of White River Reservoir area produced 
by computer analysis of MSS data obtained 
from 18 June 1973 ERTS pass. 
i 
Figure 12. Nine spectral classes of White River Reservoir area in Crosby 
County, Texas; produced from 18 June 1973 ERTS data. 
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Fig1 Ire 13. Image of Lubboc 
Analysis of MSS 
ERTS pass 
:k County, Texas produced by computer 
data obtained from 2 December 1972 
Figure i4. image of Lubbock County, Texas produced by computer 
analysis of MSS data obtained from 18 June 1973 ERTS pass. 
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Figure 15. Four spectral classes of Lubbock County, Texas; produced 
from 18 June 1973 ERTS data. 
Figure 16. Image of Lubbock, Texas produced by computer analysis 
of MSS data obtained from 2 December ERTS pass. 
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Figure 17. Image of Lubbock, Texas produced by computer analysis 
0 btained from 18 June 1973 ERTS pass. of MSS data 
Figure 18. Four spectral classes of Lubbock, Texas area; produced from 
18 June 1973 ERTS data. 
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Figure 19. Aerial photograph taken on 20 March 1973 north of 
Lubbock, Texas. 
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Figure 20. Oblique aerial photograph taken on 5 July 
Lubbock, Texas. 
973, over southeast 
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